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Abstract 
The offspring of depressed parents have been found to show elevated basal levels of the stress 
hormone cortisol. Whether heightened cortisol stress reactivity is also present in this group has yet to 
be clearly demonstrated. We tested whether postnatal maternal depression predicts subsequent 
increases in offspring biological sensitivity to social stress, as indexed by elevated cortisol reactivity.  
Participants (mean age 22.4-years) derived from a 22-year prospective longitudinal study of 
the offspring of mothers who had postnatal depression (PND group; N = 38) and a control group (N = 
38). Salivary cortisol response to a social-evaluative threat (Trier Social Stress Test) was measured. 
Hierarchical linear modelling indicated that PND group offspring showed greater cortisol 
reactivity to the stress test than control group participants. Group differences were not explained by 
offspring depressive or anxiety symptoms, experiences of negative life events, elevated basal cortisol 
at age 13-years, subsequent exposure to maternal depression, or other key covariates.  
The findings indicate that the presence of early maternal depression can predict offspring 
biological sensitivity to social stress in adulthood, with potential implications for broader functioning. 
 
Keywords: depression, stress sensitivity, cortisol, maternal depression, longitudinal, 
hypothalamic-pituitary-adrenal axis  
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1. Introduction 
Research has established that the offspring of depressed parents are themselves at elevated 
risk of depressive disorder by early adolescence (Halligan et al., 2007b; Murray et al., 2011; Hammen 
et al., 2012). Efforts to understand the biological mechanisms by which such intergenerational risks 
are conferred have included a focus on the hypothalamic-pituitary-adrenal (HPA) axis. The HPA axis 
is fundamental to human stress responding, and HPA disturbances have been identified in association 
with numerous stress-related psychopathologies, most particularly depression (Gold et al., 1988). 
Basal cortisol concentrations, which are regulated by the HPA axis, may be elevated in children and 
adolescents during a depressive episode (Lopez-Duran et al., 2009), as well as in adults (Gold et al., 
2002; Pariante and Lightman, 2008; Knorr et al., 2010).  
Given the assumed role of HPA axis dysfunction in depressive disorder, a number of studies 
have examined basal cortisol secretion in at-risk groups, including the offspring of depressed parents. 
Elevated basal cortisol levels have been demonstrated in association with the presence of parental 
depression across a number of the studies (Essex et al., 2002; Halligan et al., 2004; Ellenbogen et al., 
2006; Mannie et al., 2007). Higher basal cortisol levels have, in turn, been found to predict 
subsequent depressive symptom levels (Halligan et al., 2007a; Ellenbogen et al., 2011), although there 
is contradictory evidence on this point (Carnegie et al., 2014). Longitudinal studies have tentatively 
indicated that the presence of maternal depression early in development may be particularly important 
(Essex et al. 2002; Halligan et al. 2004), possibly due to early parenting effects (Murray et al., 2010). 
Such observations are consistent with rodent models of HPA development which identify the quality 
of early environmental stimulation as a key determinant of offspring stress reactivity, but further 
evidence is needed (Meaney et al., 2007).  
 There is also some evidence of alterations in cortisol stress reactivity in the offspring of 
depressed parents, at least as tested in young infants and children. Elevated cortisol reactivity is 
suggested by cross-sectional studies of young infants (Azar et al., 2007; Brennan et al., 2008; Waters 
et al., 2013) and preschool-aged children (Dougherty et al., 2011; Dougherty et al., 2013) whose 
parents reported having previous or current depression. These studies have each found relatively 
higher cortisol levels following a mild stressor in at-risk versus control group infants, but 
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interpretation is complicated by the fact that the provocations used typically did not result in a clear 
cortisol stress response. Studies where a cortisol stress response was clearly present have not always 
demonstrated consistent effects. Feldman and colleagues reported that, relative to controls, infants of 
depressed mothers showed higher cortisol levels overall during a stressor paradigm, but not enhanced 
reactivity to the stressor (Feldman et al., 2009). In addition, a longitudinal study using immunization 
stress in 2 month old infants found antenatal maternal depressive symptoms to be predictive of 
cortisol reactivity, but the relationship was complex, with both low and high levels of depressive 
symptoms predicting greater reactivity (Fernandes et al., 2014). In contrast to studies of infants and 
young children, investigations of older samples have the advantage that standard paradigms exist 
which reliably provoke a cortisol stress response (Kirschbaum et al., 1993), although few studies have 
examined cortisol reactivity in youth or adults at risk for depression. One study examining the at-risk 
offspring of parents with bipolar disorder did not find cortisol responses to stress to distinguish them 
from controls (Ellenbogen et al. 2006). Moreover, in contrast to the pattern of findings deriving from 
infants and young children, a second study examining parental retrospective self-reports of 
“depressive problems” found that these were associated with reduced cortisol stress reactivity in 
adolescent girls, and were not associated with cortisol responses in boys (Bouma et al., 2011).  
The limited availability of robust evidence for enhanced cortisol reactivity to stress in the 
offspring of depressed parents is significant, as elevations in basal cortisol levels that have been 
observed in this group have been proposed to reflect HPA axis dysregulation linked to increased 
vulnerability to stressors (Ostiguy et al., 2011). Further investigation is warranted. Here, we report on 
cortisol stress reactivity in a longitudinally studied sample of young adults. Participants in the study 
were recruited shortly following birth based on the presence or absence of maternal depression during 
the postnatal period; and maternal depression was repeatedly assessed throughout the 22-years of the 
study, providing a clear profile of offspring exposure to depressive disorder. In the same sample, we 
previously identified elevations in basal morning cortisol secretion in the 13-year old offspring of 
mothers who experienced postnatal depression (PND) versus control group offspring (Halligan et al. 
2004). In the current study, offspring cortisol reactivity in response to a standard social stressor (Trier 
Social Stress Test: TSST) was measured at age 22-years.  
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We used hierarchical linear modelling (HLM) to model changes in cortisol concentrations 
over the course of the TSST in relation to PND group status, and to test the hypothesis that PND 
versus control group offspring would show enhanced cortisol stress reactivity as young adults. We 
controlled for gender, history of offspring depressive or anxiety disorder, current offspring depressive 
or anxiety symptoms, and incidences of negative life events in our analyses, given their potential 
relationship with cortisol reactivity (Burke et al., 2005; Petrowski et al., 2010; Allen et al., 2014).  
Since elevated basal cortisol concentrations have previously been interpreted as a marker for HPA 
dysregulation or increased reactivity to daily stress (Goodyer et al., 2000; Kunz-Ebrecht et al., 2004; 
Ostiguy et al. 2011), we also specifically tested whether basal morning cortisol levels at 13-years 
predicted the TSST reactivity profile at 22-years. Finally, the assessment of both postnatal and 
subsequent maternal depression afforded a preliminary investigation of whether there is any evidence 
for a particular, persistent impact of the presence of maternal depression during early life, as would be 
predicted by animal models of HPA axis development.  
 
 
2. Material and methods 
Procedures were approved by the University of Reading and the National Health Service Research 
Ethics Committees. Participants provided written informed consent prior to taking part. 
2.1 Participants 
Participants were part of a prospective longitudinal study of the development of children of 
postnatally depressed and well women (Murray, 1992). Participants were originally recruited through 
screening a community sample of primiparous mothers of healthy, full-term infants for PND, by 
administering the Edinburgh Postnatal Depression Scale (EPDS) (Cox et al., 1987) at 6-weeks 
postpartum. Women scoring over 12 on the EPDS were interviewed; 61 women who met Research 
Diagnostic Criteria (Spitzer et al., 1978) for depressive disorder were identified, 58 of whom were 
recruited for the study. Forty-two non-depressed mothers randomly selected from the same postnatal 
population were also recruited. The sample previously completed assessments postnatally, and at ages 
1.5-years, 5-years, 8.5-years, 13 and 16-years. The current phase of the research took place at mean 
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age 22-years. Seventy-six offspring were able to visit the University of Reading and participate in the 
laboratory stress test (i.e. 76% of the original sample); 38 offspring of PND mothers (70% of the 
original PND group) and 38 controls (91% of the original control group) (see Table 1 for participant 
characteristics)1, which was a significant difference, χ2=6.19, df=1, p = .013. This was explored 
further by conducting comparisons of those who did versus did not complete the TSST based on 
gender, and on key information available from the previous, 16 year assessment; participant history of 
depression, anxiety, and negative life events; and maternal total study months of depression. There 
were no significant differences (all p>.14) with one exception: those who did not complete the TSST 
at 22-years had been exposed to more study months of maternal depression, F=9.64, df=1,91, p=.003. 
Given that this variable is highly confounded with group status, we also examined whether attrition 
within the PND group was related to duration of maternal depression. Results demonstrated a trend to 
this effect, t=1.77, df=51, p=.083: PND group participants who did not complete the TSST tended to 
have mothers who had more months depression (M = 32.2, SD = 24.3) than those who completed the 
assessment (M = 21.8, SD = 16.8). 
2.2 Measures 
2.2.1 Cortisol stress reactivity  
At 22-years participants completed the TSST, a standardised paradigm involving a 
psychosocial stressor which has been demonstrated to elevate cortisol levels reliably (Kirschbaum et 
al. 1993). The TSST was delivered in standard format, including the preparation and execution of a 5-
minute speech followed by a 5-minute spoken mental arithmetic task.  The TSST took place in front 
of an unresponsive evaluative panel made up of two researchers unknown to the participants.  
Participants were instructed to talk about themselves during the speech following 5 minutes of 
preparation time.  During the mental arithmetic task, participants were asked to count aloud 
1 Reasons for attrition were as follows: lost from the study at previous time point (n = 5), could not be traced (n 
= 3), declined (n = 6), could not be scheduled (n = 2), unable to attend the University for assessments due to 
geographical/time constraints (n = 7), unwilling to complete laboratory tasks (n = 1). 
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backwards from 2023 to zero in 17-step sequences.  Following the stress phase of the experiment, 
participants were invited to rest for a period of 45-minutes.  During the TSST, saliva samples were 
obtained through passive drooling into plastic containers at six times: at baseline, immediately post 
test, and during the subsequent rest period (post+10 minutes, post+20, post+30 and post+45).  In all 
cases, the TSST began at approximately 1500h to reduce the effect of diurnal fluctuations on free 
cortisol (Allen et al. 2014), and participants refrained from eating or drinking for at least 30-minutes 
prior to the start of the protocol.  
Saliva samples were kept at room temperature during the test session and then stored at -20C.  
Prior to assay, samples were thawed and then centrifuged at 3000rpm for 5 minutes to produce clear 
supernatant fractions of low viscosity.  Free cortisol was assayed by luminescence immunoassay 
(Immuno-Biological Laboratories, Hamburg, Germany).  Inter- and intra-assay coefficients of 
variation were <7%. Cortisol concentrations are expressed as nmol/l.   
2.2.2 Offspring depression and anxiety 
At 22-years offspring completed the 20-item, Centre for Epidemiological Studies Depression 
Scale (CESD) (Radloff, 1977), a well-established, self-report index of current depressive symptoms. 
Participants also completed the State-Trait Anxiety Inventory – Trait version (STAI-T), a reliable 
self-report measure of anxiety symptoms (Spielberger et al., 1983). In addition, at 8-years, 13-years 
and 16-years, diagnostic interviews were conducted using the Kiddie Schedule for Affective 
Disorders and Schizophrenia (Kaufman et al., 1997); and at 22-years using the Structured Clinical 
Interview for DSM-IV (SCID) (Spitzer et al., 1995). Both clinical interview schedules are widely 
used, have well established reliability, and include reporting of current and past disorders. Interviews 
were used to establish current and lifetime history of depressive and anxious disorders in offspring 
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(present/absent)2. All interviews were conducted by trained clinical researchers and/or mental health 
professionals, and diagnoses were confirmed by clinical consensus by a panel of trained raters, blind 
to group.  
2.2.3 Life events 
At 22-years offspring completed the Life Events Schedule (LES) (Goodyer et al. 2000), an  
interview measure of the occurrence of a range of significant undesirable life events and difficulties, 
which was used to index the occurrence of negative life events in the 12 months prior to assessment. 
Previous research using the same assessment has found associations between reported negative life 
events and the onset of depression (Goodyer et al. 2000). Consistent with previous reports, negative 
life events were operationalised as events that were rated by participants as scoring 4 (unpleasant) or 
above on a 5-point Likert scale from 0 (very pleasant) to 5 (very unpleasant), and as causing distress 
for 2 weeks or more.  
2.2.4 13-year basal cortisol secretion 
At age 13-years offspring collected saliva samples at 0800h and 2000h for 10 consecutive 
school days, following instructions supplied for home completion. We measured cortisol using 
enzyme-linked immunosorbent assay (ELISA) on 20 microliter samples of saliva without extraction 
(antibody Cambio, Cambridge UK). Intra-assay variation was 4.1% and inter-assay variation was 
7.6%. For each individual, we derived mean cortisol levels over the 10-day sampling period for 
morning and evening saliva collections. Previous analyses have identified elevations in mean morning 
cortisol to distinguish the PND group offspring from the control group (Halligan et al. 2004), and to 
predict subsequent offspring depressive symptoms (Halligan et al. 2007a). Such effects were not 
observed for evening cortisol. Therefore, the focus of the current analyses was on mean basal morning 
cortisol.  
2 At the 22-year follow-up, pre-screening ensured that any participants experiencing a current major depressive 
episode were not brought in for testing until their depression had remitted. This procedure did not result in the 
exclusion of any participants.  
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2.2.5 Maternal depression 
The presence and timing (on a month-by month basis since previous interview) of maternal 
depression at 22-years was assessed using the SCID. Detailed longitudinal information relating to 
maternal mental state was available as maternal clinical interviews were similarly conducted at all 
previous assessments. This was used to establish the overall duration of maternal depression, 
calculated as the total number of months of depression over the offspring’s lifetime.  
2.3 Statistical analysis 
Before the main analysis, missing cortisol data (6% of 380 total saliva samples, due to 
insufficient saliva) were estimated in SPSS using the Expectation-Maximization (EM) algorithm (i.e., 
utilising the conditional expectation of the missing data, given the observed values and 
current estimates of the parameters), based on the other available cortisol samples. In addition, 
raw cortisol concentrations were checked for outliers (±3 SD from the mean) and for distributional 
properties.  Four outliers were excluded from further analyses.  Raw cortisol concentrations were log 
transformed to reduce positive skew (Pre-test: Z = 5.54; Post-test: Z = 4.14; Post+10: Z = 2.51; 
Post+20: Z = 4.11; Post+30: Z = 3.38; Post+45: Z = 4.94; all ps < .05). 
HLM analyses were conducted in MLwiN 2.28 (Rasbash et al., 2009). HLM Group 
differences in cortisol reactivity over the TSST were analysed using two-level HLM.  Within this 
approach, a level-1 model was estimated, representing individual variance in salivary cortisol 
concentrations over the course of the TSST (i.e., a main effect of time). Times were not constant and 
so were coded from the first spit onwards using decimals of the actual time in minutes (e.g. 0, .25, .35, 
.45, .55, .70).  This produced the following model: 
Log(cort)ij = π0j + π1j(linear) ij + π 2j(quadratic) ij 
In this model, the outcome was log transformed salivary cortisol concentrations, where π 0ij 
represented the intercept, π 1ij the linear slope and π 2ij the quadratic slope for cortisol reactivity over 
time. 
A level-2 model was also estimated in which variance in the intercept and slope at level-1 
were predicted by person-level differences that remain constant over the TSST.  PND exposure was 
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the main independent variable and the effects of gender, current depressive symptoms and history of 
depression in offspring were controlled for, given their established influence on cortisol reactivity in 
the TSST.  This produced the following model, where the individual equations presented below refer 
to the main effect of exposure on the intercept of cortisol concentration (baseline) and the linear and 
quadratic slopes of cortisol concentrations over time (i.e., change from baseline), respectively, 
controlling for gender, current offspring depressive symptoms and history of depression in each: 
Intercept model: π 0j  = β00 + β01(Exposure)j + β02(Gender)j + β03(CESD)j + β04(LifetimeDepr)j + ζ0j 
Linear slope model: π 1j = β01 + β11(Exposure)j + β12(Gender)j + β13(CESD)j + β14(LifetimeDepr)j + ζ1j 
Quadratic slope model: π 2j = β02 + β21(Exposure)j + β22(Gender)j + β23(CESD)j + β24(LifetimeDepr)j + ζ2j 
 We also explored the effects of key additional potential predictors of cortisol reactivity during 
the TSST by including them step-wise in a subsequent model as level-2 predictors. These variables 
were 13-year mean morning cortisol, total months of maternal depression over the course of the 
offspring’s lifetime and the number of negative life events in the 12 months preceding the TSST. 
Finally, since anxiety disorders were also relatively prevalent in the sample (see Table 1), this model 
was then repeated, replacing lifetime depression and CESD scores with indices of lifetime anxiety 
diagnoses and STAI-T scores3. This stepped approach to analyses was taken in consideration of the 
sample size in order to avoid overloading our models.  
 
3. Results 
3.1 Participant characteristics 
Participants’ demographic and clinical characteristics are presented in Table 1.  Participants in 
the PND and control group were similar in terms of socioeconomic background, age, gender, and 
concurrent depressive symptoms. However, a greater proportion of PND group offspring had 
3 Other diagnoses were infrequent. Behavioural disorders were assessed at 8-years, 13-years and 16-years, 
resulting in diagnoses of attention deficit and hyperactivity disorder (n = 3), oppositional defiant disorder (n = 2) 
and conduct disorder (n = 1). Substance misuse was assessed in addition to depression/anxiety and 22-years, and 
one case of substance abuse detected.  
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experienced one or more episodes of depressive disorder; and there was a trend (P = .059) for PND 
group participants to report a greater number of significant negative life events in the 12-months prior 
to the TSST. As expected, PND group mothers also spent significantly more months depressed during 
their offspring’s lifetime than their control group counterparts. 
_________________________ 
Table 1 about here 
_________________________ 
3.2 Variability in cortisol reactivity 
The HLM for changes in cortisol concentrations over the course of the TSST yielded a 
significant positive linear fixed effect for time, B = .729, SE = .108, χ2(1) = 45.27, p < .001, and a 
significant negative quadratic fixed effect for time, B = .814, SE = .129, χ2(1) = 39.78, p < .01. There 
was also significant random variance in the intercept, σ1
2 = .027, SE = .006, χ2(1) = 20.42, p < .001, 
which estimates pre-test baseline cortisol, and significant random variance in the linear, σ12 = .572, SE 
= .148, χ2(1) = 14.94, p < .001, and quadratic slopes, σ22 = .667, SE = .213, χ2(1) = 9.78, p < .005, of 
cortisol reactivity over time.  There was therefore significant variation between participants in their 
intercepts and slopes for cortisol response, thereby supporting the modelling of individual differences 
in these parameters over time as a function of exposure to PND and our other key predictors. 
3.3 Cortisol reactivity and maternal PND 
We next modelled TSST cortisol response in relation to PND group status and key covariates, 
namely gender, lifetime history of depression, and concurrent depressive symptoms. Results are 
depicted in Figure 1, with effects of each parameter on the intercept and the linear and quadratic 
slopes for cortisol presented in Table 2 (model 1). As can be seen, PND group status was not a 
significant predictor of the intercept, or in other words, baseline pre-test cortisol concentrations.  
However, the presence of maternal PND did predict steeper linear and quadratic slopes for cortisol 
reactivity over time (see Figure 1 for model predicted cortisol levels across the TSST between groups; 
and Table 2 for model parameters).  These effects were independent of the effect of gender, which 
itself was a significant predictor of the linear and quadratic slopes for cortisol reactivity over time, 
with males showing greater reactivity to the TSST than females (see Table 2).  PND group effects 
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were also independent of the effect of current depressive symptoms as measured by the CESD and 
lifetime history of depression (present/absent). Neither CESD scores nor lifetime history of 
depression significantly predicted any aspect of the model. 
_________________________ 
Figure 1 about here 
_________________________ 
3.4 Potential intervening variables 
To test the potential contribution to 22-year cortisol reactivity of pre-existing differences in 
basal cortisol at 13-years, intervening maternal depression and negative life events, a further model 
examined the extent to which these variables were significant predictors of cortisol responding over 
time, above and beyond the variance explained by PND. Each of these additional variables was 
inputted into the model in a step-wise fashion. First, offspring mean morning cortisol scores at 13-
years were a significant predictor of the intercept (i.e., baseline pre-test cortisol responses, B = .040, 
SE = .020, χ2(1) = 4.07, p = .04, but there was no effect of 13-year mean morning cortisol levels on 
the linear, B = -.026, SE = .087, χ2(1) = .09, p = .76,  or quadratic, B = .011, SE = 0.102, χ2(1) = .01, p 
= .92, slopes of cortisol reactivity over time.  Next, the total months that mothers experienced 
depression showed no significant effects on the intercept, B = .000, SE = .002, χ2(1) = .00, p = 1.0, or 
linear, B = .008, SE = .009, χ2(1) = .77, p = .38, or quadratic, B = .008, SE = .011, χ2(1) = .56, p = .45, 
slopes.  Finally, participants’ negative life events scores were entered into the model and this also 
showed no significant effects on the intercept, B = -.029, SE = .019, χ2(1) = 2.49, p = .11, or the linear, 
B = .033, SE = .083, χ2(1) = .16, p = .69, or quadratic, B = -.015, SE = .096, χ2(1) = .02, p = .89, 
slopes.  
_________________________ 
Table 2 about here 
_________________________ 
 
The resultant model is presented in Table 2 (model 2). In this model, with all variables 
included, exposure to PND was still a significant predictor of the linear and quadratic slopes for 
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change in cortisol levels across the TSST. Gender also continued to be a significant predictor of the 
linear and quadratic slopes; and offspring 13-year mean morning cortisol scores continued to be a 
significant predictor of the intercept. Concurrent depressive symptoms, measured using the CESD 
scale, became a significant positive predictor of the intercept (see Table 2). There were no other 
significant effects (see Table 2 for statistics).  
Finally, since anxiety disorders were also relatively prevalent in our sample, this last model 
was re-run replacing lifetime depression diagnoses and CESD scores with lifetime anxiety diagnoses 
and STAI-T scores respectively. Exposure to PND was still a significant predictor of the linear, B = 
.696, SE = .338, χ2(1) = 4.24, p < .05, and quadratic, B = -.834, SE = .391, χ2(1) = 4.55, p < .05, slopes 
of cortisol reactivity. As with CESD scores, STAI-C scores were a significant positive predictor of the 
intercept, B = .007, SE = .003, χ2(1) = 6.24, p < .05 but were not a significant predictor of the linear, B 
= -.013, SE = .013, χ2(1) = 1.00, p = .32, or quadratic, B = .015, SE = .015, χ2(1) = 1.10, p = .29, 
slopes. In contrast to this, lifetime anxiety diagnosis was a significant negative predictor of the 
intercept, B = -.179, SE = .056, χ2(1) = 10.135, p < .05. It was not a significant predictor of the linear, 
B = -0.13, SE = .263, χ2(1) = .00, p = .96, or quadratic, B = .125, SE = .303, χ2(1) = .17, p = .68, 
cortisol reactivity slopes. 
 
4. Discussion 
We found that the offspring of PND mothers showed greater physiological reactivity to 
psychosocial challenge relative to offspring of mothers in our control group. This effect was 
independent of gender, current offspring depressive or anxious symptoms and lifetime history of 
depressive or anxiety disorder, differences in baseline morning cortisol levels, the duration of 
subsequent episodes of maternal depression and recent negative life events. The main difference in 
response between the groups occurred at 10 minutes after stressor cessation, consistent with enhanced 
HPA reactivity to stress in the PND group. By the end of the testing period, cortisol levels in the PND 
group had returned to control group levels. 
The current findings contribute to existing evidence concerning maternal PND, and parental 
depression more broadly, and its possible association with offspring HPA axis dysregulation (Azar et 
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al. 2007; Dougherty et al. 2011; Waters et al. 2013), providing evidence of altered offspring 
sensitivity to social stress in adulthood. This effect was independent of key potential confounds, 
including gender (Kirschbaum et al., 1992) and concurrent levels of depressive symptoms (Burke et 
al. 2005).  Elevated cortisol reactivity to stress has been found to have functional implications, for 
example, being associated with impairments to declarative memory (Kirschbaum et al., 1996). 
Previous research also suggests that profiles of elevated cortisol reactivity may be associated with 
depressive traits or negative affectivity (Gerra et al., 2001; Kunz-Ebrecht et al., 2003), and predict 
subsequent psychological disorder (Susman et al., 1997). More broadly, both elevated and blunted 
cortisol reactivity to stress are assumed to be maladaptive (Kunz-Ebrecht et al. 2003; Burke et al. 
2005). Nonetheless, caution is needed in interpreting the current findings. PND group offspring 
showed a greater rise in cortisol in response to the stressor but their cortisol levels also showed 
stronger decline during the recovery period, relative to an overall shallower curve in the control 
group. Thus, the pattern of cortisol stress responding in the PND group is arguably more dynamic, 
and without external validation we cannot conclude that it is necessarily problematic.   
We explored several potential contributors to TSST cortisol responding, in addition to 
maternal depression. Consistent with previous research, we found greater cortisol reactivity in males 
versus females in the current sample (Kirschbaum et al. 1992), and concurrent depressive and anxiety 
symptoms predicted elevated TSST cortisol baseline concentrations (Burke et al. 2005).  Perhaps 
surprisingly, lifetime anxiety disorder was associated with lower TSST baseline cortisol. However, 
this finding is difficult to interpret given the mixture of diagnoses and current/past disorders included. 
We did not find evidence of an association between past history of depression and either cortisol 
intercept or slope during the TSST, and concurrent symptom levels were not associated with cortisol 
reactivity. The fact that depressive symptom levels were in the normal range and we had a modest 
number of cases in our sample may have limited our ability to detect such effects. Nonetheless, as 
already noted, there remains a need for further investigation of the significance of the observed 
cortisol alterations.   
Notably, we demonstrated also that elevations in basal morning cortisol levels at 13-years 
predicted higher overall TSST cortisol concentrations at 22-years. This evidence of stability in 
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cortisol activity over almost a decade is consistent with previous findings which suggest that morning 
cortisol levels comprise stable, trait-like components, as well state driven effects which may be 
influenced by factors such as concurrent stress levels (Wust et al., 2000; Kunz-Ebrecht et al. 2004; 
Owens et al., 2014). Nonetheless, PND versus control group differences in cortisol reactivity to the 
TSST remained even once pre-existing group differences in 13-year basal morning cortisol levels 
were controlled for in analyses.  
In principle, altered cortisol reactivity may be a consequence of numerous intervening 
biological processes, including factors operating within the HPA axis (e.g., increased adrenal 
sensitivity / enhanced cortisol release by the adrenal glands, or reduced negative feedback sensitivity 
operating via corticosteroid receptors), and suprahypothalamic influences (e.g. increased limbic input 
to the hypothalamus) (Gunnar and Quevedo, 2007). Research to date has typically focused on salivary 
cortisol secretion, which provides little insight into any underlying biological changes. Limited 
evidence based on responses to neurochemical stimulation of the HPA-axis suggests that either 
reduced glucocorticoid receptor negative feedback sensitivity or increased adrenal sensitivity may 
characterise high-risk probands (Holsboer et al., 1995; Ronsaville et al., 2006). Some studies also find 
evidence of altered neural activity in key components of the limbic system in the offspring of 
depressed parents, such as the amygdala (Monk et al., 2008; Joormann et al., 2012), but the 
implications of such observations for HPA activity remain to be established.  
A number of causal factors might have contributed to altered cortisol stress reactivity 
observed in PND group offspring in our sample. There is evidence that environmental exposures 
influence offspring stress regulation, particularly in the perinatal period. Animal research has 
highlighted the potential for both maternal stressors during pregnancy and perturbations in caregiving 
postpartum to contribute to HPA axis dysregulation (Levine, 2005).  We did not measure antenatal 
maternal depression in our sample, but it is likely to have been present in a proportion of PND group 
mothers, and previous research has linked antenatal affective disorder with increased basal cortisol 
secretion in offspring (Glover et al., 2010). As such, our findings may be explained, at least in part, by 
antenatal exposures. With regards to the postnatal environment, animal models highlight the 
sensitivity of HPA development to perturbations in the quality of early care (Weaver et al., 2004).  
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Previous evidence from a subsample of the current study population showed that PND group mothers 
were more withdrawn or disengaged in interacting with their young infants, and that this pattern of 
parenting behaviour in the first postpartum year, but not at five years, predicted offspring basal 
cortisol secretion at 13-years (Murray et al. 2010). In the current report we found maternal PND to 
predict offspring cortisol reactivity at 22-years, even when controlling for subsequent maternal 
depression throughout the course of the study. This is consistent with animal models, and with some 
previous studies which have indicated that problems arising in the perinatal environment may be of 
particular importance to HPA axis stress responding (Brennan et al. 2008; Dougherty et al. 2011).  At 
the same time, it is also highly likely that exposures later in development will be important. Although 
we took account of recent life events, the recurrence of maternal depression and offspring 
psychopathology, there are, of course, limits to the extent that any instrument can truly index the full 
range of environmental stressors. Persistent alterations in the quality of family life, ongoing 
perturbations in maternal or paternal mood and behaviour, stressors arising in the context of 
relationships within and outside of the home, and parental psychopathology other than depression, are 
among the many factors that may differentially affect the children of depressed parents (Goodman and 
Gotlib, 2001; Carter et al., 2001; Halligan et al. 2007b; Pawlby et al., 2011). Moreover, both 
depressive disorder and cortisol activity show a degree of heritability, and genetic influences are 
likely to have contributed to our findings, including in interaction with environmental factors 
(Alexander et al., 2009; Foley and Kirschbaum, 2010).   
There are some major strengths of the current study, particularly the use of a well-
characterised, longitudinally studied sample. Offspring psychological disorder was assessed at 
multiple time points and those with a history of disorder were retained in the sample, meaning that our 
sample is likely to represent high versus non-high risk probands relatively well. Nonetheless, there 
were some limitations, particularly the modest sample size and the restrictions this imposed on the 
number of covariates included in our models. As already discussed, the study design is essentially 
correlational and causal associations cannot be assumed; perturbations in the environment occurring 
in association with maternal depression, antenatal maternal mood disturbances, and co-occurring 
genetic vulnerabilities may all have contributed to the current findings.  Although retention was 
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extremely good considering study duration, there was somewhat greater attrition from the PND group 
versus the control group, and some evidence that participants with more chronically depressed 
mothers were particularly unlikely to attend. Consequently, those at greatest risk may be 
underrepresented in our sample. We note that similar problems are likely to be present in other 
samples in the field, but are less likely to be detected outside of a longitudinal study. Notwithstanding 
these limitations, our observations highlight a remarkably persistent association between maternal 
depression in the postnatal period and offspring adrenocortical reactivity to stress. Further 
investigation of the neurobiological underpinnings of the altered stress reactivity observed is 
indicated. 
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Table 1. Participant characteristics, reported by maternal postnatal depression status
 PND 
n=38 
Control 
n=38 
Statistic 
Maternal characteristics    
Proportion of middle class 63.2% 71.1% χ²(1) = .14 
Proportion separated from child’s father 9.1% 20.6% χ²(1) = 1.74 
Total study months depressed, M(SD)  20.32(14.52) 4.63(4.56) t(74) = 6.35*** 
Offspring characteristics    
Age, M(SD) 22.4 (0.6) 22.2 (0.7) t(74) = -1.26 
Proportion of males 50% 54.1% χ²(1) = .12 
Proportion with lifetime depression 47.4% 18.4% χ²(1) = 7.21** 
Proportion with lifetime anxiety disorder 39.5% 23.7% χ²(1) = 2.19 
Number of negative life events, M(SD) 1.3 (1.6) 0.7 (0.9) t(74) = -1.92  
13-year mean morning cortisol (ng/mL), M(SD) 3.3 (1.2) 2.6 (1.0) t(70) = -2.59* 
Proportion with current medication usage1 7.9% 10.5% Fischer’s P= 1.00 
Depressive symptoms (CESD), M(SD) 10.8 (8.7) 10.7 (10.3) t(73) = -.03 
Anxiety symptoms (STAI-T), M(SD) 37.7 (10.9) 38.8 (11.5) t(73) = .43 
* p < .05; ** p < .01; *** p < .005; PND: postnatal depression; CESD: Centre for Epidemiological 
Studies Depression scale. STAI-T: State-Trait Anxiety Inventory, Trait form.  1 Only medication 
known to influence cortisol activity is included: 1 participant from each group was taking 
antidepressants; 2 participants from each group were taking a contraceptive pill; and 1 control group 
participant was taking thyroid medication. 
Table 2. Results of hierarchical linear modelling of cortisol responses to the Trier Social Stress Test 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
*P<.05, **, P<.01, ***P<.005; PND: postnatal depression; CESD: Centre for Epidemiological Studies Depression Scale; Life Events Schedule; 10 = absent, 1 
= present; 21 = male, 2 = female 
 
Model Model effects 
 Intercept  Linear  Quadratic 
 B(SE) χ2(df=1)  B(SE) χ2(df=1)  B(SE) χ2(df=1) 
Model 1         
Maternal PND1 -.011 (.045) .06  .651 (.204) 10.20***  -.863 (.244) 12.52*** 
Gender2 -.041 (.044) .88  -.611 (.200) 9.35***  .691 (.239) 8.34*** 
Depressive symptoms (CESD) .004 (.002) 3.16  .009 (.011) .63  .06 (.013) .24 
Lifetime depression1 -.068 (.050) 1.86  .073 (.229) .10  .042 (.274) 0.02 
Model 2         
Maternal PND1 -.019 (.060) .10  .627 (.271) 5.36*  -.847 (.316) 7.18** 
Gender2 -.066 (.045) 2.11  -.523 (.202) 6.71**  .560 (.235) 5.66* 
Depressive symptoms (CESD) .006 (.003) 4.53*  -.015 (.012) 1.58  .012 (.014) .74 
Lifetime depression .050 (.050) 1.01  .028 (.224) .02  -.053 (.260) .04 
13 year mean morning cortisol .045 (.020) 5.10*  -.018 (.089) .04  .001 (.105) .00 
Maternal total study months depression .000 (.002) .03  .009 (.009) .86  -.008 (.011) .58 
Negative life events (LES) -.029 (.019) 2.49  .033 (.083) .016  -.051 (.096) .02 
 Figure 1
  
  
Figure 1 Title 
Hierarchical linear modelling Level-2 model predictions of changes in salivary cortisol responses 
across time during the Trier Social Stress Test; maternal postnatal depression versus control group 
participants  
 
Figure Legend 
PND: postnatal depression; Error bars are one standard error. 
  
0,7
0,75
0,8
0,85
0,9
0,95
1
1,05
1,1
Pre-test Post-test Post+10 +20 +30 +45
M
od
el
 P
re
di
ct
io
n 
Time 
Control
PND
TOM J. BARRY   22 
Reference List 
 
Alexander, N., Kuepper, Y., Schmitz, A., Osinsky, R., Kozyra, E., Hennig, J., 2009. Gene-
environment interactions predict cortisol responses after acute stress: implications for the 
etiology of depression. Psychoneuroendocrinology 34, 1294-1303. 
Allen, A.P., Kennedy, P.J., Cryan, J.F., Dinan, T.G., Clarke, G., 2014. Biological and 
psychological markers of stress in humans: focus on the Trier Social Stress Test. 
Neurosci.Biobehav.Rev 38, 94-124. 
Azar, R., Paquette, D., Zoccolillo, M., Baltzer, F., Tremblay, R.E., 2007. The association of 
major depression, conduct disorder, and maternal overcontrol with a failure to show a cortisol 
buffered response in 4-month-old infants of teenage mothers. Biol.Psychiatry 62, 573-579. 
Bouma, E.M.C., Riese, H.t., Ormel, J., Verhulst, F.C., Oldehinkel, A.J., 2011. Self-assessed 
parental depressive problems are associated with blunted cortisol responses to a social stress 
test in daughters. The TRAILS Study. Psychoneuroendocrinology 36, 854-863. 
Brennan, P.A., Pargas, R., Walker, E.F., Green, P., Newport, D.J., Stowe, Z., 2008. Maternal 
depression and infant cortisol: influences of timing, comorbidity and treatment. J Child 
Psychol.Psychiatry 49, 1099-1107. 
Burke, H.M., Davis, M.C., Otte, C., Mohr, D.C., 2005. Depression and cortisol responses to 
psychological stress: a meta-analysis. Psychoneuroendocrinology 30, 846-856. 
Carnegie, R., Araya, R., Ben-Shlomo, Y., Glover, V., O'Connor, T.G., O'Donnell, K.J., 
Pearson, R., Lewis, G., 2014. Cortisol awakening response and subsequent depression: 
prospective longitudinal study. Br.J Psychiatry 204, 137-143. 
Carter, A.S., Garrity-Rokous, F.E., Chazan-Cohen, R., Little, C., Briggs-Gowan, M.J., 2001. 
Maternal depression and comorbidity: predicting early parenting, attachment security, and 
toddler social-emotional problems and competencies. J.Am.Acad.Child Adolesc.Psychiatry 
40, 18-26. 
Cox, J.L., Holden, J.M., Sagovsky, R., 1987. Detection of postnatal depression. Development 
of the 10-item Edinburgh Postnatal Depression Scale. Br.J.Psychiatry 150, 782-786. 
Dougherty, L.R., Klein, D.N., Rose, S., Laptook, R.S., 2011. Hypothalamic-pituitary-adrenal 
axis reactivity in the preschool-age offspring of depressed parents: moderation by early 
parenting. Psychol Sci. 22, 650-658. 
Dougherty, L.R., Tolep, M.R., Smith, V.C., Rose, S., 2013. Early exposure to parental 
depression and parenting: associations with young offspring's stress physiology and 
oppositional behavior. J Abnorm Child Psychol 41, 1299-1310. 
Ellenbogen, M.A., Hodgins, S., Linnen, A.M., Ostiguy, C.S., 2011. Elevated daytime cortisol 
levels: a biomarker of subsequent major affective disorder? J Affect.Disord. 132, 265-269. 
TOM J. BARRY   23 
Ellenbogen, M.A., Hodgins, S., Walker, C.D., Couture, S., Adam, S., 2006. Daytime cortisol 
and stress reactivity in the offspring of parents with bipolar disorder. 
Psychoneuroendocrinology 31, 1164-1180. 
Essex, M.J., Klein, M.H., Cho, E., Kalin, N.H., 2002. Maternal stress beginning in infancy 
may sensitize children to later stress exposure: effects on cortisol and behavior. 
Biol.Psychiatry 52, 776-784. 
Feldman, R., Granat, A., Pariente, C., Kanety, H., Kuint, J., Gilboa-Schechtman, E., 2009. 
Maternal depression and anxiety across the postpartum year and infant social engagement, 
fear regulation, and stress reactivity. J Am Acad Child Adolesc Psychiatry 48, 919-927. 
Fernandes, M., Stein, A., Srinivasan, K., Menezes, G., Ramchandani, P.G., 2014. Foetal 
exposure to maternal depression predicts cortisol responses in infants: findings from rural 
South India. Child Care Health Dev 10.1111/cch.12186 [doi]. 
Foley, P., Kirschbaum, C., 2010. Human hypothalamus-pituitary-adrenal axis responses to 
acute psychosocial stress in laboratory settings. Neurosci.Biobehav.Rev 35, 91-96. 
Gerra, G., Zaimovic, A., Mascetti, G.G., Gardini, S., Zambelli, U., Timpano, M., Raggi, 
M.A., Brambilla, F., 2001. Neuroendocrine responses to experimentally-induced 
psychological stress in healthy humans. Psychoneuroendocrinology 26, 91-107. 
Glover, V., O'Connor, T., O'Donnell, K., 2010. Prenatal stress and the programming of the 
HPA axis. Neurosci.Biobehav.Rev. 35, 17-22. 
Gold, P.W., Drevets, W.C., Charney, D.S., 2002. New insights into the role of cortisol and 
the glucocorticoid receptor in severe depression. Biol.Psychiatry 52, 381-385. 
Gold, P.W., Goodwin, F.K., Chrousos, G.P., 1988. Clinical and biochemical manifestations 
of depression. Relation to the neurobiology of stress (2). N.Engl.J.Med. 319, 413-420. 
Goodman, S.H., Gotlib, I.H., 2001. Children of Depressed Parents: Mechanisms of Risk and 
Implications for Treatment. American Psychological Association, Washington, DC. 
Goodyer, I.M., Tamplin, A., Herbert, J., Altham, P.M., 2000. Recent life events, cortisol, 
dehydroepiandrosterone and the onset of major depression in high-risk adolescents. 
Br.J.Psychiatry 177, 499-504. 
Gunnar, M., Quevedo, K., 2007. The neurobiology of stress and development. 
Annu.Rev.Psychol. 58, 145-173. 
Halligan, S.L., Herbert, J., Goodyer, I., Murray, L., 2007a. Disturbances in morning cortisol 
secretion in association with maternal postnatal depression predict subsequent depressive 
symptomatology in adolescents. Biol.Psychiatry 62, 40-46. 
Halligan, S.L., Herbert, J., Goodyer, I.M., Murray, L., 2004. Exposure to postnatal depression 
predicts elevated cortisol in adolescent offspring. Biol.Psychiatry 55, 376-381. 
Halligan, S.L., Murray, L., Martins, C., Cooper, P.J., 2007b. Maternal depression and 
psychiatric outcomes in adolescent offspring: A 13-year longitudinal study. J.Affect.Disord. 
97, 145-154. 
TOM J. BARRY   24 
Hammen, C., Hazel, N.A., Brennan, P.A., Najman, J., 2012. Intergenerational transmission 
and continuity of stress and depression: depressed women and their offspring in 20 years of 
follow-up. Psychol.Med. 42, 931-942. 
Holsboer, F., Lauer, C.J., Schreiber, W., Krieg, J.C., 1995. Altered hypothalamic-pituitary-
adrenocortical regulation in healthy subjects at high familial risk for affective disorders. 
Neuroendocrinology 62, 340-347. 
Joormann, J., Cooney, R.E., Henry, M.L., Gotlib, I.H., 2012. Neural correlates of automatic 
mood regulation in girls at high risk for depression. J Abnorm.Psychol. 121, 61-72. 
Kaufman, J., Birmaher, B., Brent, D., Rao, U., Flynn, C., Moreci, P., Williamson, D., Ryan, 
N., 1997. Schedule for Affective Disorders and Schizophrenia for School-Age Children-
Present and Lifetime Version (K-SADS-PL): initial reliability and validity data. 
J.Am.Acad.Child Adolesc.Psychiatry 36, 980-988. 
Kirschbaum, C., Pirke, K.M., Hellhammer, D.H., 1993. The 'Trier Social Stress Test'--a tool 
for investigating psychobiological stress responses in a laboratory setting. 
Neuropsychobiology 28, 76-81. 
Kirschbaum, C., Wolf, O.T., May, M., Wippich, W., 1996. Stress- and treatment-induced 
elevations of cortisol levels associated with impaired declarative memory in healthy adult. 
Life Sci. 58, 1475-1483. 
Kirschbaum, C., Wust, S., Hellhammer, D., 1992. Consistent sex differences in cortisol 
responses to psychological stress. Psychosom.Med. 54, 648-657. 
Knorr, U., Vinberg, M., Kessing, L.V., Wetterslev, J., 2010. Salivary cortisol in depressed 
patients versus control persons: a systematic review and meta-analysis. 
Psychoneuroendocrinology 35, 1275-1286. 
Kunz-Ebrecht, S.R., Kirschbaum, C., Marmot, M., Steptoe, A., 2004. Differences in cortisol 
awakening response on work days and weekends in women and men from the Whitehall II 
cohort. Psychoneuroendocrinology 29, 516-528. 
Kunz-Ebrecht, S.R., Mohamed-Ali, V., Feldman, P.J., Kirschbaum, C., Steptoe, A., 2003. 
Cortisol responses to mild psychological stress are inversely associated with proinflammatory 
cytokines. Brain Behav.Immun. 17, 373-383. 
Levine, S., 2005. Developmental determinants of sensitivity and resistance to stress. 
Psychoneuroendocrinology 30, 939-946. 
Lopez-Duran, N.L., Kovacs, M., George, C.J., 2009. Hypothalamic-pituitary-adrenal axis 
dysregulation in depressed children and adolescents: a meta-analysis. 
Psychoneuroendocrinology 34, 1272-1283. 
Mannie, Z.N., Harmer, C.J., Cowen, P.J., 2007. Increased waking salivary cortisol levels in 
young people at familial risk of depression. Am J Psychiatry 164, 617-621. 
Meaney, M.J., Szyf, M., Seckl, J.R., 2007. Epigenetic mechanisms of perinatal programming 
of hypothalamic-pituitary-adrenal function and health. Trends Mol.Med 13, 269-277. 
TOM J. BARRY   25 
Monk, C.S., Klein, R.G., Telzer, E.H., Schroth, E.A., Mannuzza, S., Moulton, J.L., III, 
Guardino, M., Masten, C.L., Clure-Tone, E.B., Fromm, S., Blair, R.J., Pine, D.S., Ernst, M., 
2008. Amygdala and nucleus accumbens activation to emotional facial expressions in 
children and adolescents at risk for major depression. Am J Psychiatry 165, 90-98. 
Murray, L., 1992. The impact of postnatal depression on infant development. J.Child 
Psychol.Psychiatry 33, 543-561. 
Murray, L., Halligan, S.L., Goodyer, I., Herbert, J., 2010. Disturbances in early parenting of 
depressed mothers and cortisol secretion in offspring: a preliminary study. J.Affect.Disord. 
122, 218-223. 
Murray, L., Arteche, A., Fearon, P., Halligan, S., Goodyer, I., Cooper, P., 2011. Maternal 
Postnatal Depression and the Development of Depression in Offspring Up to 16 Years of 
Age. J.Am.Acad.Child Adolesc.Psychiatry 50, 460-470. 
Ostiguy, C.S., Ellenbogen, M.A., Walker, C.D., Walker, E.F., Hodgins, S., 2011. Sensitivity 
to stress among the offspring of parents with bipolar disorder: a study of daytime cortisol 
levels. Psychol.Med. 41, 2447-2457. 
Owens, M., Herbert, J., Jones, P.B., Sahakian, B.J., Wilkinson, P.O., Dunn, V.J., Croudace, 
T.J., Goodyer, I.M., 2014. Elevated morning cortisol is a stratified population-level 
biomarker for major depression in boys only with high depressive symptoms. Proc.Natl.Acad 
Sci.U.S.A 111, 3638-3643. 
Pariante, C.M., Lightman, S.L., 2008. The HPA axis in major depression: classical theories 
and new developments. Trends Neurosci. 31, 464-468. 
Pawlby, S., Hay, D., Sharp, D., Waters, C.S., Pariante, C.M., 2011. Antenatal depression and 
offspring psychopathology: the influence of childhood maltreatment. Br.J Psychiatry 199, 
106-112. 
Petrowski, K., Herold, U., Joraschky, P., Wittchen, H.U., Kirschbaum, C., 2010. A striking 
pattern of cortisol non-responsiveness to psychosocial stress in patients with panic disorder 
with concurrent normal cortisol awakening responses. Psychoneuroendocrinology 35, 414-
421. 
Radloff, L.S., 1977. The CES-D Scale: a self-report depression scale for research in the 
general population. Appl.Psych.Meas. 1, 385-401. 
Rasbash, J., Charlton, C., Browne, W.J., Healy, M., Cameron, B., 2009. MLwiN Version 2.1.  
Centre for Multilevel Modelling, University of Bristol, 
Ronsaville, D.S., Municchi, G., Laney, C., Cizza, G., Meyer, S.E., Haim, A., Radke-Yarrow, 
M., Chrousos, G., Gold, P.W., Martinez, P.E., 2006. Maternal and environmental factors 
influence the hypothalamic-pituitary-adrenal axis response to corticotropin-releasing 
hormone infusion in offspring of mothers with or without mood disorders. Dev Psychopathol. 
18, 173-194. 
Spielberger, C.D., Gorsuch, R.L., Lushene, R.E., Vagg, P.R., Jacobs, G.A., 1983. Manual for 
the State-Trait Anxiety Inventory. Consulting Psychologists Press, Palo Alto, CA. 
TOM J. BARRY   26 
Spitzer, R.L., Endicott, J., Robins, E., 1978. Research diagnostic criteria: rationale and 
reliability. Arch.Gen.Psychiatry 35, 773-782. 
Spitzer, R.L., Williams, J.B.W., Gibbon, M., 1995. Structured Clinical Interview for DSM-IV 
(SCID). New York State Psychiatric Institute, Biometrics Research, New York. 
Susman, E.J., Dorn, L.D., Inoff-Germain, G., Nottelmann, E.D., Chrousos, G.P., 1997. 
Cortisol reactivity, distress behavior, and behavioral and psychological problems in young 
adolescents: A longitudinal perspective. Journal of Research on Adolescence 7, 81-105. 
Waters, C.S., van Goozen, S., Phillips, R., Swift, N., Hurst, S.L., Mundy, L., Jones, R., Jones, 
I., Goodyer, I., Hay, D.F., 2013. Infants at familial risk for depression show a distinct pattern 
of cortisol response to experimental challenge. J.Affect.Disord. 150, 955-960. 
Weaver, I.C., Cervoni, N., Champagne, F.A., D'Alessio, A.C., Sharma, S., Seckl, J.R., 
Dymov, S., Szyf, M., Meaney, M.J., 2004. Epigenetic programming by maternal behavior. 
Nat.Neurosci. 7, 847-854. 
Wust, S., Federenko, I., Hellhammer, D.H., Kirschbaum, C., 2000. Genetic factors, perceived 
chronic stress, and the free cortisol response to awakening. Psychoneuroendocrinology 25, 
707-720. 
 
 
